Sewage treatment plant effluents were surveyed for viral contributions to gastroenteritis outbreaks in Puerto Rico. Of the 15 sewage treatment plants studied, all discharged their effluents upstream from water treatment plant intakes. No base-line data on the degree of viral challenge to these sewage treatment plants or the subsequent reduction of viruses before discharge existed. Enterovirus counts were generally much higher than those found in the continental United States. At four plants, viruses in the incoming sewage exceeded 100,000 PFU/liter, and one of these, a trickling filter plant, was discharging 24,000 PFU/liter to receiving waters. Virus identification showed that more than 80% of the enterovirus isolates were coxsackievirus B5. These overwhelming viral numbers pointed to defects in the sewage treatment processes. Without reasonable barriers to protect receiving waters, several of the downstream communities were using raw waters that posed extraordinary demands on the ability of their water treatment plants to supply virologically safe drinking water.
Recurring outbreaks of gastroenteritis in Puerto Rico prompted monitoring of sewage treatment facilities there. Suspect in the outbreaks were discharges from sewage treatment plants located upstream from water treatment plant intakes. At several locations the close proximity of these outfalls to community water supply intakes is of special epidemiological concern and poses a potential threat where the raw water is polluted to such a degree that water treatment processes cannot provide water of safe sanitary quality or where incomplete treatment may prevail because of poor construction, maintenance, or operation.
With more than 3 million people living on an island of approximately 3,850 mi2 (ca. 9,970 km2), Puerto Rico is one of the more densely populated areas in the world, which increases the frequency of contact with infectious agents. The tropical climate compounds the problem because such exposure is year-round instead of seasonal (8) . By monitoring local sewage treatment systems, the incidence of viral gastroenteritis outbreaks within communities (11) elute viruses from the filter. Information on the sewage treatment plant samples and the volumes tested is given in Table 2 . All samples were within pH 6.5 to 7.5, which ensured maximum adsorption on the Virosorb filter. Concentrates from the processed samples were frozen at -70°C, packed in dry ice, and transported to the U.S. Environmental Protection Agency virology laboratory in Cincinnati for viral analysis and identification.
Two 10-ml portions were withdrawn from each sample and inoculated into 6-oz (ca. 200-ml) cell culture bottles at 1 ml per bottle. The first 10-ml portion was assayed for the presence of enteroviruses in a Buffalo green monkey kidney (BGM) cell line by the suspended-cell procedure. The second 10-ml portion was tested for reoviruses in the MadinDarby bovine kidney (MDBK) cell line by the cell monolayer procedure. To identify the predominant enterovirus types isolated from the BGM cells, samples from each plaque confirmation tube were diluted to 10', and a selected number of these diluted samples were assayed against the Lim Benyesh-Melnick antiserum pools with microdilution plates. Only coxsackievirus B5 and poliovirus were detected in the selected group. The diluted samples remaining were assayed against coxsackievirus B5 and pooled poliovirus antiserum. Only one isolate could not be identified; it was reassayed by using the Lim Benyesh-Melnick antiserum pools and identified as coxsackievirus B2. Plaque-forming viruses isolated from MDBK cells were assayed in a similar manner, but only against reovirus antiserum. The techniques for assaying plaque-forming viruses, confirming virus plaques, and identifying virises on microdilution plates have been described previously (2).
All plaques that were picked could be confirmed and identified. Four communities showed exceedingly high enterovirus concentrations, as evidenced by the presence of more than 100,000 PFU/liter in the incoming sewage (Table   3) . High viral counts in sewage originating from the community of Villalba were of obvious concern. The measured flow rate was 0.26 million gal/day (1 gal = 3.785 liters) for the Villalba sewage treatment plant, which has a design capacity of 0.11 million gal/day and is located 1 km upstream of a Many of the samples of incoming sewage studied had enterovirus counts that were substantially higher than those normally reported for the continental United States (1). Incoming sewage from the community of Barranquitas contained the highest concentration of enterovirus (more than 240,000 PFU/liter; Table 3 ) and reovirus ( Of the discharged treatment plant effluents examined, more than half had viral counts exceeding 500 PFU/liter. The virus content of effluent discharged from the Barranquitas sewage treatment plant was 24,000 PFU/liter, which was at least four times higher than that of all the other community effluents examined. Residual chlorine levels in plant discharges at Naranjito and Villalba were high compared with those of other sewage treatment plants (Table 2) . Even under these high-chlorine conditions, effluent discharged from the Villalba sewage treatment plant contained more than 1,000 PFU/liter. Obviously, the high viral counts observed in Puerto Rico must be linked to the health conditions in the community, population density, sewage treatment plant conditions, and level of dilution of the virus-laden sewage by uncontaminated waters.
Identification of a representative number of enteroviruses from each of the positive samples showed only poliovirus and coxsackievirus B2 and B5 distributed within these communities. Of the 423 enteroviruses identified from plant influent, 1 was coxsackievirus B2, 69 were poliovirus, and 353 were coxsackievirus B5.
For the four communities in which the enterovirus in the sewage exceeded 100,000 PFU/liter, coxsackievirus B5 accounted for more than 85% of the enteroviruses identified. Of the other 11 communities in which the enterovirus in the sewage was less than 3,000 PFU/liter, only 3 had more than 85% of the viruses typed as B5. When averaged, coxsackievirus B5 accounted for 95% of the enterovirus content for those communities with sewage exceeding 100,000 PFUIliter and 61% of the enterovirus content for the 11 communities with lower virus concentrations in the sewage. A further evaluation of the communities within these two groups showed that at the sewage treatment plant outfalls, coxsack- ievirus averaged 96 and 55% for the high-and low-concentration effluents, respectively, indicating similar destruction rates for coxsackievirus and poliovirus in the overall treatment.
Differences in the patterns of enterovirus distribution in urban and rural communities of tropical West Africa have been reported elsewhere (10) . In urban areas of Ghana, many enterovirus types appear, whereas in rural areas yields are of a single enterovirus or, at most, a few enterovirus types. These findings were not observed in this study. Sewage from the two largest Puerto Rican communities examined, Guaynabo and Caguas (with populations of more than 60,000), failed to show this pattern to the extent that virus isolates were identified.
The observation of overwhelming numbers of coxsackievirus B5 was not limited to Puerto Rico. At the time of the 1984 Puerto Rican study, a surveillance program of entero-
